0.913, for the diagnosis of immune-related DAH. Conclusions: A simple diagnostic scale can be used to identify an immune-related cause of DAH in immunocompetent patients and may help guide treatment decisions such as initiation of steroid therapy on the day of admission.
tests for immunological markers or organ (often renal) biopsy. However, these are rarely available within the first 24 h and diagnostic tests are sometimes difficult to perform in critically ill patients [9] .
In this setting, we conducted a retrospective study of 76 non-immunocompromised patients presenting with symptomatic DAH to identify features associated with an immune cause based on routine clinical, radiological and laboratory data available within the first 24 h after admission. A clinical scale to facilitate early identification of an immune cause was subsequently established.
Methods

Study Design and Population
All patients included in this retrospective study were recruited in a single ICU and pulmonary unit of an 800-bed tertiary hospital in Paris between 1980 and 2002. Patients with a final diagnosis of symptomatic DAH were identified by searching the admission registry (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) and a computer database (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) .
Symptomatic DAH was defined as the association of a compatible clinical and/or radiological presentation with macroscopically haemorrhagic bronchioloalveolar lavage (BAL) fluid and/or haemorrhagic and siderophagic alveolitis on BAL cytology, or transbronchial or surgical lung biopsy. Patients with haemoptysis of bronchial origin, chronic renal failure or human immunodeficiency virus infection were excluded, as were patients with haematological or solid malignancies receiving cytotoxic chemotherapy or radiotherapy for 6 2 months, patients receiving immunosuppressant or glucocorticosteroid therapy for 6 2 months or organ transplant recipients.
One hundred and twenty patients with a final diagnosis of symptomatic DAH were identified from the registry and the computer database. Seventy-six patients were included in the final analysis; the remaining 44 patients were subsequently excluded for the following reasons: insufficient data, especially for patients treated subsequently in other institutions (n = 10); haemorrhage of possible bronchial origin not excluded (n = 33), and diagnosis of immunodeficiency such as HIV infection or haematological malignancy during the same hospital stay (n = 1).
For each case, the underlying aetiology of the DAH was strictly reviewed. Diagnostic criteria for immune causes were adapted from the following references: microscopic polyangiitis [10] , Wegener's granulomatosis [11, 12] , Henoch-Schönlein purpura [13] , anti-glomerular basement membrane antibody disease [14, 15] , collagen vascular diseases [systemic lupus erythematosus (SLE) and mixed connective tissue disease] [16] and rheumatoid arthritis [17] . The underlying immune disease was previously undiagnosed in all cases. Patients were then separated into 2 groups: patients with DAH of immune cause (group 1) and patients with DAH of non-immune cause (group 2). Group 1 included 32 patients with DAH due to vasculitis [microscopic polyangiitis (n = 10), Wegener's granulomatosis (n = 10), Henoch-Schönlein purpura (n = 1) and unclassified vasculitis (n = 2)], collagen vascular disease [SLE (n = 4) and mixed connective tissue disease (n = 1)], rheumatoid arthritis (n = 1) and antiglomerular basement membrane antibody disease (n = 3). Group 2 included 44 patients with DAH due to cardiac failure [left ventricular failure (n = 7) and mitral stenosis (n = 5)], clotting disorder (n = 8), barotraumatic stress capillary failure (n = 3), non-immune-mediated toxic-or drug-induced causes [cannabis (n = 1), glue sniffing (n = 1) and nitrosourea (n = 1)], cancer [uterine sarcoma (n = 1) and nonsmall cell lung carcinoma (n = 1)], infection [anaerobic pneumonia (n = 1), strongyloidiasis (n = 1) and filariosis (n = 1)] and idiopathic DAH (n = 13). Idiopathic DAH was only considered when DAH remained unexplained after exhaustive evaluation and long-term follow-up. Most patients in the idiopathic DAH subgroup had only 1 acute episode with no recurrence; consequently, invasive procedures (surgical biopsy) were not considered in most cases and only 4 of 13 patients had transbronchial biopsies. The rate of idiopathic cases remained stable during the study period.
Routine clinical, radiological and biological data obtained on admission and during the first day were recorded. Data from the 2 patient groups were compared using univariate and multivariate analyses in order to construct a scale. For retrospective observational analysis of medical records, French law does not require specific approval from an internal review board or the consent of patients.
Statistical Analysis
Results are expressed as median values [25-75% interquartile range (IQR)] or percentages. The study endpoint was immune cause of DAH, and group 1 was compared to group 2 in subsequent analyses. Marginal association between single variables and an immune cause of DAH was assessed by a Mann-Whitney U test for quantitative variables and a 2 or Fisher's exact test for qualitative variables. Multiple logistic regression was used to determine a set of variables independently associated with an immune cause of DAH and to construct a simplified scoring system. Variables associated with an immune cause at a 0.05 significance level were included in the multiple model. Given the moderate sample size of this study, data reduction was applied before performing the multivariate analysis (without considering their association with the outcome) using heuristic shrinkage [18] . At this stage, missing values were imputed to the sample's median value of the variable, and data were transformed into categorical variables. The median was used to define the threshold. A backward stepwise procedure was used for variable selection based on Akaike's information criterion. The validity of the logistic regression model was checked using the le Cessie and van Houwelingen goodness-of-fit test [19] .
Internal validation of the model was performed by bootstrapping [18, 20] . This procedure was based on the random generation of 200 samples from the original data, identical in size, taking into account the balance between immune and non-immune causes of DAH, drawn with replacement. For these samples, the whole variable selection procedure was applied and the performance measures of the derived model were calculated. The discriminative ability of the models was evaluated by the c index [identical to the area under the receiver operating characteristic (ROC) curve] and calibration was evaluated by the calibration slope [21, 22] . The models estimated in each bootstrap sample were then evaluated in the original sample, and the differences between the performance on the bootstrap sample and on the original sample were taken as a measure of the over-optimism of the selected model. The final model performance was then corrected by this over-optimism, i.e. the area under the ROC curve (AUC) was reduced accordingly, and regression coefficient estimates were multiplied by the calibration slope. These coefficients were then rounded up to the nearest integer to construct a simplified score. Discriminative performances were illustrated by an ROC curve.
All tests were two-sided at a 0.05 significance level. Analyses were carried out using R statistical software (The R Foundation for Statistical Computing, Vienna, Austria).
Results
Population Characteristics
The characteristics of the 76 patients included in this study are summarized in table 1 . There were 50 men and 26 women with a median age of 52 years (IQR 35-66 years). Fifty-five patients (72%) were admitted to the ICU and 21 patients (28%) to the respiratory care unit. The intra-hospital mortality rate due to refractory DAH was 24% (22% in group 1 and 26% in group 2).
The median duration of respiratory symptoms was 11 days (IQR 4-30 days). The most common presenting symptoms were cough and haemoptysis. Chest X-rays showed an alveolar pattern in 44%, an interstitial pattern in 33%, a mixed pattern in 18% and a normal pattern in 5% of cases. Fiberoptic bronchoscopy was performed within a median of 11 days (IQR 4-30 days) after the first respiratory symptom and revealed diffuse bloody secretions in 54% of patients. Blood was present in BAL in 83% of patients and the median percentage of siderophages in the remaining 17% of patients was 75% (IQR 51-95%). In the 4 patients who underwent BAL less than 4 days after the first symptom, siderophage counts were less than 20%.
Most patients exhibited low-grade fever; a temperature 6 39 ° C was observed in only 17% of patients. Renal involvement was the main extrapulmonary symptom. Ear-nose-throat symptoms were nasal discharge or obstruction in most of the cases. Cutaneous lesions were subcutaneous nodules, vascular purpura, rash, haematoma and/or ulcerations.
As shown in figure 1 a, the time between admission and the first specific treatment was available for 27 of the 34 patients with DAH of immune cause; the median delay was 2 days (IQR 1-7 days).
Univariate Analysis
The results of the univariate analysis are presented in table 2 . According to univariate analysis, the following features were significantly associated with an immune cause of DAH: duration of respiratory symptoms 6 11 days, presence of constitutional symptoms (defined as in- V alues in parentheses represent medians (25-75% IQR) or percentages. CXR = Chest X-ray.
a Previous cardiovascular disease is defined as arterial hypertension, cardiomopathy, valvular heart disease, coronaropathy, stroke or other symptomatic atheromatosis.
b Effective antianticoagulant treatment is defined by biological haemostasis tests, and effective antiaggregant treatment is defined by an intake of antiaggregant (usually acetylsalicylic acid) during the week before DAH.
c Numbers in parentheses indicate the number of patients with data available.
d Constitutional symptoms are defined as incapacitating fatigue and/or 5% weight loss for at least 1 month before admission.
capacitating fatigue and/or 5% weight loss for at least 1 month before admission), increased systemic blood pressure, microscopic haematuria, proteinuria, low glomerular filtration rate, arthralgias, myalgias, ear-nose-throat symptoms, cutaneous lesions, low haemoglobinemia and increased ␥ -globulin levels. The other features were not statistically different between the 2 groups.
Multivariate Analysis
Multivariate analysis ( table 3 ) showed that duration of respiratory symptoms prior to hospitalization (p = 0.017), presence of fatigue and/or weight loss (p = 0.006), arthralgia/arthritis (p = 0.004) and proteinuria 6 1 g/l (p = 0.0002) were significant factors independently associated with an immune cause of DAH. R esults are expressed as the ratio of the number of patients positive for each feature reported to the number of patients in the related group for which the data was available.
a Numbers in parentheses represent the number of patients for whom the data was available. b Constitutional symptoms are defined as incapacitating fatigue and/or 5% weight loss for at least 1 month before admission.
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The scale for early prediction of an immune cause, defined by using the ␤ -coefficient of the multivariate model, is shown in table 4 . The ROC curve of the scale is presented in figure 2 . Each of the 4 statistically significant independent variables was attributed a score by the statistical software as follows: 2 points if time since the first respiratory symptom was longer or equal to 11 days, 2 points if fatigue and/or weight loss were present, 3 points if arthralgia or arthritis was present and 3 points if proteinuria was 6 1 g/l. Therefore, the scale ranged from 0 to a maximum of 10 points. The apparent AUC for predicting DAH related to an immune cause was 0.938. After bootstrap analysis, the bootstrap-corrected AUC was 0.913.
Discussion
In this study of 76 consecutive cases of symptomatic DAH in immunocompetent patients, we were able to identify 4 independent parameters associated with an immune cause of DAH. These variables, which can be easily collected within the first 24 h after admission, were used to build a diagnostic scale of immune DAH with an AUC of 0.913 after correction by bootstrap analysis.
Published reports of series of patients with symptomatic DAH are few, and most studies are limited to immune-related DAH due to restrictive inclusion criteria [1, 3, 5] . Consistent with previous studies, small-vessel vasculitis and SLE were the 2 most frequent immune causes of DAH in our series [1, 3, 5, 7, 10] . Among the remaining non-immune causes of DAH, clotting disorders and cardiac failure are the leading causes [23] . Anecdotal evidence of non-immune DAH related to barotraumatism, drug reaction, infection and cancer exists in the literature, but the relative contribution of these causes is unknown [24] [25] [26] [27] [28] . Regardless of the cause, DAH is a severe condition with an intra-hospital mortality rate of 24% in this study. In patients with ANCA (anti-neutrophil cytoplasmic antibodies)-associated microscopic polyangiitis, DAH was associated with a relative risk of death of 9% and a mortality rate due to DAH of 13% at 6 months [10, 29] . Mortality rates for SLE vary widely between studies, but may be approximately 50% [7] . Morbidity is also high. The long-term occurrence of a restrictive syndrome after DAH has been reported but data are insufficient to allow correlation with the initial severity of DAH [10] . In the case of a pulmonary-renal syndrome, glomerulonephritis could lead to irreversible renal failure, especially when the initial creatinine value is high [29] . Indeed, because of the severity of both DAH and glomerulonephritis, most au- a Constitutional symptoms are defined as incapacitating fatigue and/or 5% weight loss for at least 1 month before admission. a Constitutional symptoms are defined as incapacitating fatigue and/or 5% weight loss for at least 1 month before admission. thors have emphasized the importance of early diagnosis and treatment with immunosuppressors and plasma exchange, particularly when an immune cause is present [6, [29] [30] [31] [32] . Unfortunately, this management strategy raises several problems, especially in the acutely ill, and thus 'emergency' treatment is frequently delayed ( fig. 1 a) . Firstly, tests for certain critical markers (e.g. ANCA or antibasement membrane antibody testing) are not routinely available. In large university hospitals (such as ours), results are generally available within the first 24 h if emergency testing is requested by the admitting clinician. However, results may not be available for several days in some general hospitals (and in most places at weekends) or in hospitals in less industrialized countries. Secondly, obtaining histological samples, especially via renal or lung biopsy, may be difficult and sometimes impossible in critically ill patients admitted to an ICU for acute respiratory failure. Lung biopsy may often be non-diagnostic and risky, and other biopsy procedures (e.g. skin, nasal, etc.) are time-consuming and have a low yield [5, 32] .
To our knowledge, this study is the first to attempt to detect an immune cause for DAH on the basis of simple routine data obtained on admission. We identified 4 variables associated with immune-mediated DAH after multivariate analysis. The duration of respiratory symptoms before hospital admission is a predictive factor. Previous studies have shown that DAH often occurs as a slow, evolving process in vasculitis [10, 33] . In contrast, DAH frequently has a sudden onset in SLE [7] . Indeed, in the present study, only 6 patients in group 1 had respiratory symptoms for less than 11 days, but 3 of them had SLE. The presence of other symptoms prior to admission (fatigue and/or weight loss during the month prior to presentation) and arthralgias are other independent predictive factors of an immune cause, consistent with previous reports [6, 34, 35] . Finally, the multivariate analysis study highlighted the importance of renal involvement (assessed by the presence of proteinuria), as previously mentioned by ter Maaten et al. [34] and Cordier et al. [36] . However, as reported by Niles et al. [32] , the presence of renal and pulmonary symptoms is not always synonymous with immune-mediated pulmonary-renal syndrome and is sometimes related to coexisting independent conditions. The scoring system built using the 4 predictive factors is easy to use, inexpensive and may be performed at the bedside at any time. The scale could add significant information to the routine medical evaluation and alert the physician to the eventuality of an immune cause of DAH, and it could be particularly useful for physicians with little experience in systemic diseases. As shown in figure 1 , it could significantly reduce the delay between hospital admission and diagnosis of immune alveolar haemorrhage and thus treatment, which could potentially be life and/or function saving. If a threshold of 4 or more points were used, the scale would be of high specificity for DAH of immune cause ( fig. 2 ) . In the present population, the use of this cut-off value would have indicated treatment in 24 of the 27 patients with immune-related DAH on the first day ( fig. 1 b) . On the other hand, only 4 of the 44 patients in the non-immune group had scores of 4 or more. Two of these 4 patients had cardiac failure identified on admission with cardiac ultrasonography and thus did not receive steroids. The 2 remaining patients had idiopathic DAH with bland haemorrhagic and siderophagic alveolitis on transbronchial lung biopsies and finally received steroid treatment. None of the patients with non-immune DAH had a score of 5 or more in the present population. We would not recommend the use of a threshold of 3 as it would have led to steroid treatment of DAH of non-immune cause.
Although DAH is a very rare condition, this study is to our knowledge the largest study in unselected immunocompetent hosts. The validity of diagnosis or prediction criteria should be tested on another study population. As this was not feasible (due to the rarity of symptomatic DAH), we used complex statistical analysis to assess the validity of the results. Internal validation of the scale by bootstrapping and correction for over-optimism allowed confirmation of the validity of the data and provided an evaluation of the potential real-life performance of the scale. However, validation of the scale with other populations is required. Furthermore, whether or not the scale improves the prognosis remains to be demonstrated. Although a crucial role of early steroid and/or immunosuppressor treatment in the prognosis of immune DAH is suggested by some experts, this remains to be proven. Better survival was suggested in a study of 34 patients with DAH due to SLE when treated within 48 h with large methylprednisolone doses [37] . This may be true in DAH due to other immune causes. One could also make an analogy between DAH and acute glomerulonephritis, in which early treatment is a determinant of renal recovery [1, 29, 38, 39] . For example, in a study of 107 patients with ANCA-associated glomerulonephritis, entry serum creatinine was one of the main predictive factors of chronic renal insufficiency [29] . In the same study, the absence of immunosuppressors (especially cyclophosphamide) and the presence of DAH were associated with relative risks of mortality of 5.6 and 8.6, respectively. Considering previous data and the results of the present study, we would recommend being highly suspicious of an immune cause of DAH if 2 or more scale criteria are present on admission. Further investigation should be promptly initiated to confirm the immune cause and the use of pulse steroids should be considered, as previously reported [40] . However, some diagnostic testing, especially cardiac ultrasonography, should remain systematic before any treatment decisions are made. Finally, we would not recommend administration of cyclophosphamide, other immunosuppressive drugs [41] or plasmapheresis on the basis of the results of this scale.
Conclusions
In unselected immunocompetent patients presenting with DAH, a simple scale can be used to differentiate DAH of immune and non-immune cause in the absence of routine and rapid ( ! 24 h) immune tests. This scale could help guide diagnostic and treatment decisions and thus may improve prognosis. The scale should now be evaluated in prospective studies.
